The anaesthetic management of a patient with a coincidental giant lung bulla who underwent lumbar discectomy and laminectomy is described. The specific problems associated with anaesthesia in patients with bullae, such as acute enlargement or rupture of the bullae, are discussed. Precautionary measures which may be taken during anaesthesia include the avoidance of nitrous oxide, the prophylactic use of a double-lumen tube, and the immediate availability of chest drains in the anaesthetizing area. Monitoring during operation may involve bilateral chest auscultation and arterial blood gas analysis.
PATIENTS WITH coincidental giant bullae occasionally present for operations outside the thorax. These patients are at increased risk during anaesthesia from potential complications which may arise from the bullae or underlying lung disease. Specific problems associated with giant bullae include rapid enlargement or rupture of the air spaces. The technique of anaesthesia that most authorities recommend for patients with bullae is one which avoids the use of nitrous oxide I and involves spontaneous ventilation throughout the total procedure, z-4 Sometimes a technique of balanced anaesthesia utilizing intermittent positive pressure ventilation (I.P.P.V.) is indicated due to coexisting disease or for operations where neuromuscular blockade is required. There is a danger that I.P.P.V. may result in overinflation of a bulla if it communicates with the airway. The anaesthetic management of an elderly patient with a giant bulla and associated emphysema, who was to be placed in a position which would interfere with spontaneous ventilation, is presented in the following case report.
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Canad. Anaesth. Soc. J., vol. 28, no. 3, May 1981 was little in his medical history or physical examination to suggest any major anaesthetic problem. However, a routine chest x-ray revealed a giant bulla in the upper part of the right hemithorax ( Figure 1 ). The bulla occupied rather more than one third of the hemithorax, extending throughout the right upper zone and medial part of the right mid-zone. In addition there were diminished lung markings with increaesd radiolucency in both basal regions, particularly the right, indicating emphysema in the lower lobe,;. There was also old fibrotic disease in the right mid-zone. There had been no radiological change since his last chest film nine months previously. Because of the unexpected radiological findings pulmonary functions tests were done. They showed a normal vital capacity of 3.61 and a mild degree of irreversible airways obstruction (mklmaximal expiratory flow rate of 1.41 and a one second forced expiratory volume to vital cap:lcity ratio of 65 per cent). The functional residual capacity (FRC) and residual volume, measured by a helium dilution method, were below normal at 89 and 85 per cent respectively of predicted values, suggesting that the bulla was poorly ventilated. Diffusion tests were normal. The tidal volume of 0.6341 was larger than predicted. Arterial carbon dioxide tension (Paco2), measured by a rebreathing technique, was 5.72 kF'a (43 mmHg). Arterial blood gas analysis was not done as the patient was neither cyanosed nor in any respiratory distress, and the Pacoz was already known to be normal.
The surgeon indicated a definite preference for the patient to be anaesthetized in the prone position with flexion of the lumbar spine. Epidural or spinal anaesthesia were considered as 272 FIGURE ] The pre-operative chest x-ray shows a giant bulla in the right upper and mid zones, occupying rather more than one-third of the right hemithorax. Compression of the adjacent lung is manifest by (a) accentuation of the right paratracheal stripe, and (b) crowding of lung markings infero-lateral to the bulla. There is also increased radiolucency in both lung bases indicating emphysema. possible anaesthetic techniques but were discounted due to the possibility of haemodynamic instability and/or ventilatory difficulties in the prone position. A technique of general anaesthesia with spontaneous ventilation was also ruled out because of the risk of hypoventilation. A decision was made to utilize general anaesthesia and I.P.P.V. together with certain precautions, These measures included the immediate availability of two chest drain packs in the operating room. the avoidance of nitrous oxide in the inhalational mixture, and the prophylactic insertion of a double-lumen tube at induction of anaesthesia.
Pre-anaesthetic medication with meperidine 100 mg and atropine 0.6 mg was given intramuscularly one hour before the operation. In the operating room continuous electrocardiographic monitoring was started and two stethoscopes were attached to the chest wall posteriorly to allow intermittent monitoring of breath sounds of both lungs. After adequate pre-oxygenation, and with the patient lying supine on a trolley, anaesthesia was induced with thiopentone 250rag followed by succinylcholine 100 rag. The trachea was intubated with a large left-sided Robertshaw double-lumen tube without difficulty. Gentle manual ventilation of the lungs with an airoxygen-enflurane mixture was carried out while the tube was secured. At the first sign of recovery from the depolarising paralysis, d-tubocurarine 30 mg was given and I.P.P, V. was started with an Ohio ventilator through a circle circuit with carbon dioxide absorption. A tidal volume of 600 ml was delivered at a rate of 12 per rnin. An inspiratory flow rate of 30 I/rain was used with an inspiratory to expiratory ratio of approximately 1:3. This ventilatory pattern resulted in a peak inspiratory airway pressure of 1.96kPa (20cm H20). The patient was then log-rolled into the prone position and placed on Iogitudinal bolsters on the operating table. Spinal flexion was produced and the abdomen was examined to ensure free movement. Anaesthesia was maintained with enflurane 0.50-1.50 per cent delivered in an air (four litres/min) and oxygen (one litre/min) mixture. Supplementation of anaesthesia was provided by four doses of fentanyl 50tzg given intravenously at approximately half-hourly intervals. An additional 9 mg ofd-tubocurarine was administrerd 90 minutes after induction of anaesthesia.
The anaesthetic course was completely uneventful throughout the two and one-half hour operation. The patient remained haemodynamlcally stable. Peak airway pressure during I.P.P.V. remained at 1.96 • 0.I kPa (20 -I cm H20). An arterial blood gas determination 30 minutes after induction confirmed satisfactory ventilation and oxygenation, cH + 39nmol/I (pH 7.41), Paco2 5.45 kPa (41 mmHg), HCO3 26 m mol/l, and Pauz 17.42 kPa ( 131 mmHg). A lumbar discectomy and bilateral decompression laminectomy were performed. At the end of the operation the patient was returned to the supine position. The enflurane was discontinued and neostigmine and atropine were administered. Naloxone 0.4 mg was also given. Spontaneous ventilation was quickly resumed and the trachea was extubated. On admission to the recovery room oxygen (5 litres/min) was supplied through a plastic mask. An arterial blood sample 10 minutes later showed cH § 42n mol/i (pH 7.38) Paco,z 5.98 kPa (45 mmHg), HCO3 26m tool/I, and Pao., 22.74kPa (171 mmHg). A chest x-ray taken in the recovery room was similar to the pre-operative film except for a s mall linear atelectatic density at the left base. In the post-operative period the patient developed no pulmonary problem. DISCUSSION A bulla is an air-containing space within the lung parenchyma of more than one cm in diameter. s Bullae occur both singly and in multiples, either in otherwise normal lungs or in association with different types of pulmonary lesions, particularly emphysema. 6-8 In the majority of patients the bullae enlarge progressively, although the rate of enlargement is not predictable and may be extremely slow? A giant bulla is one which has enlarged greatly: it may be produced by an exaggeration of the mechanisms which give rise to emphysema or it may be the result of a valve mechanism in the bronchial communication which permits air trapping within the bulla. As the bulla expands, surrounding normal lung tissue may be compressed. Giant bullae are commonly found with paraseptal emphysema and in emphysema association with scars, 8 but they may also occur in association with progressive fibrotic lung disorders. 6'8 It is well known that giant bullae can develop during or after acute pulmonary infections, particuarly staphylococcal pneumonia. The term pneumatocele has been recommended to describe bullae which occupy one-third or more ofa hemithorax, t~ but to others it defines the abnormal air spaces of staphylococcal pneumonia. The most important complications of bullae include infection, spontaneous pneumothorax, and haemorrhage into a bulla.
The problems associated with anaesthesia for the patient with a giant bulla are two-fold: firstly, the possibility of further enlargement of the bulla occurring under anaesthesia and, secondly, the general problems associated with disease (usually emphysema) in the remaining lung tissue. Rapid enlargement of a bulla, especially one which communicates poorly or not at all with the bronchial tree, can occur under anaesthesia with nitrous oxide due to a difference in the solubilities of nitrous oxide and nitrogen in the blood, t During the initial stages of administration the rate of transfer of nitrous oxide from blood to an air-filled bulla may be 34 times greater than the rate of removal of nitrogen. The increased number of molecules of nitrous oxide in the bulla results in an increase in its volume 'if it is compliant, or a rise in pressure in a noncompliant air space. Transfer of nitrous oxide into the bulla, at a faster rate than nitrogen removal, continues until there is equilibration between the partial pressure of nitrous oxide in the blood and the bulla. The amount of expansion of the bulla, therefore, deperids on the concentration of nitrous oxide in the lungs. In animal studies, the use of 75 per cent nitrous oxide in the presence of an air-space (artificial pneumothorax) resulted in a two-fold increase in gas volume within 10 minutes, whereas virtually no volume change occurred on adminstration of an oxygen-halothane mixture. ~
In patients with bullae which communicate with airways the use of I.P.P.V. may result ia overinfiation of the bullae when either a large tidal volume is delivered or insufficient time is allowed for expiration, and air trapping occurs. Acute enlargement ofa bulla during I.P.P,V. may occur, regardless of the ventilatory pattern, where a check-valve mechanism exists which allows gas to enter, but not to leave, the bulla.
Whatever the cause of enlargement of a bulla, the effects are the same, namely compression of adjacent lung tissue and the eventual development of a bulla under tension. This build-up of pressure within the bulla may result in a shift of the mediastinum to the opposite side, leading to vena caval kinking and circulatory inadequacy. Alternatively, rupture of the bulla wall may occur with the possible consequences of pulmonary venous gas embolism or release of gas into either the pleural cavity or the interstitial tissues of the lung. Gas in the lung interstitium may dissect back via the hilum to the mediastinum (pneumomediastinum) or it may dissect further either retroperitoneally or upward into the subcutaneous tissues of the neck. ~2 A continued leak of g~.s into the pleural cavity may result in a tension pneumothorax, which has effects similar to but more profound than a bulla under tension.
The presence of any associated lung disease in patients with bullae merits attention. It is generally agreed that the functional disturbance in patients with bullae is determined more by the state of the lungs as a whole than by the effect of an individual bulla. 6 Even large bullae of one.-third of one hemithorax may cause few symptoms and little impairment in lung function if they arise in otherwise healthy lungs. 6A3 In a lung with generalized obstructive airways disease, however, the presence of a large bulla may critically affect the total function, and the problems which may be encountered during anaesthesia are, naturally, greatly increased. As a rule bullae are poorly ventilated as well as poorly perfused and, therefore, do not contribute greatly toward either shunting or dead space ventilation.~4,1s
Regional anaesthesia is the anaesthetic technique of choice for surgery in patients with giant bullae. When local anaesthesia is considered inappropriate and general anaesthesia is contemplated, the use of nitrous oxide is contraindicated.' A technique of general anaesthesia in which spontaneous ventilation is maintained throughout is preferred. 2-4 After intravenous induction the patient is allowed to breathe inhalational agents until he is sufficiently anaesthetized to allow tracheal intubation without muscle relaxant. It is well to remember that induction of anaesthesia with inhalational agents may be prolonged in patients with emphysema, due to an increase in FRC, a decrease in alveolar ventilation, or ventilation-perfusion abnormalities.~6
Although I.P.P.V. is best avoided in patients with bullae, it is occasionally necessary to employ a technique involving neuromuscular blockade and mechanical ventilation. When I.P.P.V. is used an effort must be made to keep the transpulmonary pressure (T.P.P.) gradient similar to that during awake spontaneous ventilation. This is partly achieved by delivering a tidal volume which is equal to the patient's pre-operative volume because the T.P.P at a given lung volume is the same for both spontaneous and controlled ventilation. 17 However, it is impossible to ensure that the T.P.P. gradient will remain the same after anaesthesia is induced~ because anaesthesia and paralysis affect the mechanical properties of the lung and chest wall, t8 and FRC may be reduced. ~9 The patient may return, therefore, to a different FRC after induction of anaesthesia, and he may be ventilated on a different part of the pressure-volume curve. These changes may result in an increase in the T.P.P. gradient, which may increase the risk ofoverinflation and rupture of the bulla if it communicates with the airway.
The pattern of controlled ventilation considered most appropriate for patients with bullae is similar to that used for patients with obstructive airways disease, even in the absence of functional lung disease. The provision of an adequate time for expiration during I.P.P.V. is important if air trapping is to be avoided. Negative endexpiratory pressure is contra-indicated as it invariably produces proximal airway collapse and air trapping, z~ The use of an expiratory retard, on the other hand, may hold collapsing airways open for longer and thereby reduce air trapping. A slow inspiratory flow rate is preferred as this may reduce peak airway pressures, thus minimizing possible lung barotrauma. Where nitrous oxide is being deliberately withheld, ventilation with an air-oxygen mixture is preferred to pure oxygen, to avoid the possibility of absorption atelectasis. 2',z2 Sufficient oxygen must be provided to compensate for the increased ventilation-perfusion mismatching and intrapulmonary shunting which occur under anaesthesia. '-~ Oxygen and ventilatory requirements are best ascertained by intra-operative arterial blood gas analysis.
Life-threatening complications which may develop under anaesthesia, such as an enlarged bulla under tension or a pneumothorax, may manifest themselves either by changes in respiratory rate and tidal volume during spontaneous ventilation or by an increase in airway pressure during I.P.P.V. Stethoscopes attached to both sides of the chest may aid in detecting a diminution in breath sounds on the affected side. These changes in respiratory parameters may be accompanied by cyanosis, tachycardia and/or hypotension. When time permits, as in the case of a pneumothorax, an intra-operative chest x-ray may help in reaching a definitive diagnosis and taking appropriate action, z4 On the other hand, when uncontrollable respiratory difficulty occurs under anaesthesia, with cardiovascular changes suggestive of a tension situation, prompt action is required. In such circumstances the side of the chest in which the bulla is located must be decompressed by a tube inserted through a stab wound. If no immediate improvement follows, a chest drain should be placed in the opposite side. After release of the gas under tension the chest drain is attached to underwater seal drainage and suction is applied to allow the lung to re-expand. Surgery and anaesthesia must be terminated as soon as possible after the development of complications, with a return to spontaneous ventilation and continued decompression of the pleural cavity. Respiratory problems may develop at any stage of anaesthesia, but are particularly likely to occur at induction of anaesthesia. Therefore it is best, before proceeding with anaesthesia, to ensure that chest drains and instruments are available and that the surgeon is present.
The formation of a broncho-pleural fistula is a complication which may follow insertion of an emergency chest drain. Sufficient loss of ventilating gas may occur through the fistula to cause inadequate pulmonary ventilation, especially whe.re I.P.P.V. is used. In this situation isolation of the injured lung with a double-lumen tube is indicated and anaesthesia is continued with one lung ventilation and increased oxygen concentration until the operation can be terminated. The passage of the double-lumen tube is best done under non-urgent conditions and, therefore, it is inserted as a prophylactic measure at induction of anaesthesia. At the end of the operation a trial of spontaneous ventilation with both lungs is undertaken. Where the leak from the fistula continues to be large and the patient develops ventilatory failure, corrective surgery is indicated. A thoracotomy is done and surgical repair of the fistula is carried out under one lung anaesthesia.
In the present case the bulla occupied more than one-third of the hemithorax and it had not changed in size during the nine months before operation. Pulmonary function testing detected only a mild degree of airway obstruction. Despite the giant bulla and some emphysematous changes in his lung bases, the patient had no respiratory symptoms. His generalized lung disease obviously posed little problem for general anaesthesia, but he was at risk from possible complications of the giant bulla. A technique of balanced anaesthesia with I.P.P.V. was employed for his operation without incident. Anaesthesia was conducted with confidence due to the adoption of special measures to avoid and correct potential complications.
